ABSTRACT
INTRODUCTION
Among rr-P3ATs, regioregular poly(3-hexylthiophene) (P3HT) is preferred for many organic electronic applications due to its highest hole mobility, better self-organization compared to other polymers in the series as well as good solubility. The highest hole mobilities in conjugated polymers have to date been observed in P3HT (0.05-0.2 cm 2 /Vs) [1] [2] [3] [4] . The effects of alkyl side chain length on the electrical, optical and structural properties of P3ATs have extensively been investigated. It has been reported that the field-effect mobility of holes in poly (3-octylthiophene) (P3OT) was similar to that in P3HT, while the value for poly (3-dodecythiophene) (P3DDT) was about 10 -6 cm 2 /Vs [2] . More recently, the hole mobility varied from 1.2×10 -3 cm 2 /Vs for poly (3- butylthiophene) (P3BuT) and 1×10 -2 cm 2 /Vs for P3HT to 2.4×10 -5 cm 2 /Vs for P3DDT. [2] Thus,
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from reported studies on the hole mobility as a function of alkyl chain length, P3HT has been shown to exhibit the highest hole mobility value and hexyl side chain is believed to be optimum for field-effect charge transport, attributed to better self-assembly of P3HT [5] . Consequently, P3HT has become the most widely investigated material in modern electronic applications.
Moreover, P3HT is commonly chosen as the typical structure for hypothesis testing, such as ways of morphology stabilization of bulk heterojunction thin films and improvement of durability of organic solar cells. P3HT has been used as electron donor, along with fullerence as acceptor, in bulk heterojunction solar cells with power conversion efficiencies up to 5% and external quantum efficiencies of around 75%.
Such high efficiencies have been ascribed to a microcrystalline lamellar stacking of rr-P3HT in the solid state. As a result of this stacking, interchain interactions cause a red shift of the optical absorption. Besides, variance in electrochemical and optical properties as a function of alkyl side chain length has been revealed through comparing those of P3HT with other P3ATs, including P3OT and P3DDT [6] While these polymers exhibit similar energy levels with the optical band gap energy of around 1.9 eV, [7] [8] [9] (Chem-Laboratory, 99.8%), n-heptane (Labscan, 99%), n-hexane (Labscan, 99%) and methanol (Chem-Laboratory, 99.8%) were used as received. All reactions were performed in ovendried glassware under purified nitrogen.
Synthesis of 2-Bromo-3-Hexylthiophene
To a solution of 3-hexylthiophene (5g, 29.7 mmol) in anhydrous THF (50 ml) in a 200 ml flask, a solution of N-bromosuccinimide (5.29g, 29.7 mmol) was added slowly at 0 0 C under nitrogen. The mixture was stirred at 0 0 C for 1 h.
After that, 50 ml of distilled water was added to the reaction mixture, and the mixture was extracted with diethyl ether. The organic layer was washed with a solution of Na2S2O3 (10%), and then the mixture was washed with a solution of KOH (10%) and dried over anhydrous MgSO4. The mixture was distilled to give a colorless oil. (6.7 g, 92% yield 
Synthesis of Regioregular Head-to-tail Poly(3-hexylthiophene) with H/Br End Group
A dry 500 ml three-neck flask was flushed with nitrogen and charged with 2-bromo-3-hexyl-5-iodothiophene (15 g, 40 mmol). After three azeotropic distillations by toluene, anhydrous THF (220 ml) was added via a syringe, the mixture was Figure 1 shows the GPC curve of P3HT synthesized via GRIM.
RESULTS AND DISCUSSION

Treatment
Scheme 1. Synthesis of regioregular poly(3-hexylthiophene) via
Grignard metathesis (GRIM) polymerization 
H NMR spectrum of regiorandom P3HT (taken from reference 12).
In contrast, and in the case of our polymerization, only one sharp peak for thiophene proton is observed in the 1H NMR spectrum of compound 4 at 6.98 ppm, which denotes the HT-HT structure of regioregular P3HT (Figure 3 ).
Besides, a high regioregularity content of P3HT was determined to be about 99% from the expanded 
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The optical behaviour of P3HT in solvents of different polarity was studied using UV-vis monitoring the changes in the π-π* transition of rr P3HT chains. It should be noted that the solubility of the P3HT chains depends on the polarity of the solvent used. Figure 4 shows the absorption of P3HT in different solvents. In the less polar aprotic solvents, THF, chloroform and toluene, the absorption maximum of P3HT is around from 445 nm to 450 nm. These observations suggest that the regioregular P3HT chains of block copolymers adopt a coil conformation in these solvents. In the case of dichloromethane, the absorption maximum is centered at 460 nm and a significant broadening of the absorption spectrum is observed in the region from 550 nm to 650 nm. This observation suggests that a small fraction of regioregular P3HT chains are possibly aggregated in dichloromethane, while the main fraction is still well soluble as the coil conformation. Aggregation is further enhanced in ethyl acetate, where both a main absorption peak at 515 nm and two vibronic peaks at 560 nm and 608 nm are observed with P3HT. 
CONCLUSIONS
Perfectly controlled poly(3-hexylthiophene) was synthesized by a 'living' GRIM polymerization. The molecular weight of P3HT was established via the molar ratio of monomer and Ni(dppp)Cl2. Moreover, the obtained P3HT shows a narrow polydispersity index. The resulting P3HT was fully characterized by using 
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